Ulinastatin is an intrinsic serine-protease urinary trypsin inhibitor that can be extracted and purified from human urine. Urinary trypsin inhibitors are widely used to treat patients with acute inflammatory disorders, such as shock and pancreatitis. However, although the anti-inflammatory activities of urinary trypsin inhibitors have been investigated, the mechanisms underlying their actions are not yet fully understood. In the present study, we evaluated the effect of ulinastatin on lipopolysaccharide (LPS)-induced inflammation in relation with nuclear factor-κB (NF-κB) activation using BV2 mouse microglial cells. To accomplish this, we performed a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, reverse transcription-polymerase chain reaction (RT-PCR), western blot analysis, electrophoretic mobility gel shift assay (EMSA), prostaglandin E 2 (PGE 2 ) immunoassay and nitric oxide (NO) detection. The results demonstrated that ulinastatin suppressed PGE 2 synthesis and NO production by inhibiting the LPS-induced mRNA and protein expression of cyclooxygenase-2 (COX-2) and inducible NO synthase (iNOS) in BV2 mouse microglial cells. Ulinastatin suppressed the activation of NF-κB in the nucleus. These findings demonstrate that ulinastatin exerts analgesic and anti-inflammatory effects that possibly occur via the suppression of COX-2 and iNOS expression through the downregulation of NF-κB activity.
Introduction
Microglial cells, which are regarded as the most important immune cells in the central nervous system (CNS), are activated by brain injuries. Following activation by bacterial toxins, microglial cells secrete a wide range of inflammatory mediators, such as tumor necrosis factor-α (TNF-α), interleukin (IL)-1β, nitric oxide (NO) and prostanoids (1, 2) .
Lipopolysaccharide (LPS) activates microglial cells and plays vital roles in the pathogenesis of inflammatory responses by inducing the production of inflammatory mediators (3, 4) . TNF-α and IL-1β are the most important mediators, and they are known to be secreted during the early phase of inflammatory disease (5) .
Prostaglandin E 2 (PGE 2 ), which is one of the most prominent prostanoids produced by astrocytes and microglia that have been exposed to noxious stimuli (6, 7) , is produced by the conversion of arachidonic acid by cyclooxygenase (COX). There are 2 isoforms of COX, COX-1 and COX-2. COX-2 is expressed by pro-inflammatory mediators and mitogenic stimuli (8) .
NO is an important physiological messenger and effector molecule in a number of biological systems, including immunological, neuronal and cardiovascular tissues (9) . NO is endogenously generated from L-arginine by NO synthase (NOS). There are 3 types of NOS, endothelial NOS (eNOS), neuronal NOS (nNOS) and inducible NOS (iNOS). Of these, iNOS plays an important role in inflam mation and hostdefense responses (10) .
Nuclear factor-κB (NF-κB) regulates the expression of genes involved in cellular proliferation, inflammatory responses and cell adhesion (8, 11) . In unstimulated cells, NF-κB is held in the cytoplasm by inhibitory IκB protein (IκB). The activation of NF-κB is then induced by the phosphorylation, ubiquitinaUlinastatin suppresses lipopolysaccharide-induced prostaglandin E 2 synthesis and nitric oxide production through the downregulation of nuclear factor-κB in BV2 mouse microglial cells YUN 4 and BONG-JAE LEE tion and proteasome-mediated degradation of the IκB protein.
Following activation, NF-κB undergoes nuclear traslocation and DNA binding (12) . Urinary trypsin inhibitors are widely used for the treatment of patients with acute inflammatory disorders, such as pancreatitis (13) , septic shock (14) , hemorrhagic shock (15) and ischemia-reperfusion injury (16, 17) . Additionally, urinary trypsin inhibitors are known to ameliorate the enhanced production of pro-inflammatory molecules (18) . Ulinastatin is one of the urinary trypsin inhibitors and is an intrinsic serineprotease inhibitor that can be extracted and purified from human urine (19) . Ulinastatin has been shown to decrease the occurrence of coronary artery lesions in patients with acute Kawasaki disease by the suppression of neutrophils (20) and to reduce LPS-induced pulmonary injury (21) . Diverse effects of ulinastatin have been documented; however, the mechanisms underlying the anti-inflammatory activity of ulinastatin are not yet fully understood.
In the present study, we investigated the effect of ulinastatin on LPS-induced inflammation in relation with NF-κB activation. To accomplish this, we used a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay, reverse transcription-polymerase chain reaction (RT-PCR), western blot analysis, electrophoretic mobility gel shift assay (EMSA), PGE 2 immunoassay, and NO detection in BV2 mouse microglial cells.
Materials and methods
Cell culture. BV2 mouse microglial cells were cultured in Dulbecco's modified Eagle's Medium (DMEM; Gibco BRL, Grand Island, NY, USA) supplemented with 10% heat-inactivated fetal bovine serum (FBS; Gibco BRL) at 37˚C under 5% CO 2 -95% O 2 in a humidified cell incubator. The cells were then plated onto culture dishes at a density of 2x10 4 cells/cm 2 24 h prior to drug treatments.
MTT cytotoxicity assay. BV2 mouse microglial cells were grown in 100 µl of culture medium per well in 96-well plates. Ulinastatin was purchased from Wakamoto Pharmaceutical Co., Ltd. (Tokyo, Japan). To determine the cytotoxicity of ulinastatin, cells were treated with ulinastatin at concentrations of 1, 10, 100, 1,000 and 10,000 U/ml for 24 h. The cells in the control group were left untreated. After incubation, 10 µl of MTT labeling reagent containing 5 mg/ml MTT in phosphatebuffered saline were added to each well, and the plates were then incubated for an additional 2 h. Subsequently, 100 µl of solubilization solution containing 10% sodium dodecyl sulfate (SDS) in 0.01 M hydrochloric acid were added to each well, after which the cells were incubated for a further 12 h. The absorbance was then measured using a microtiter plate reader (Bio-Tek, Winooski, VT, USA) at a test wavelength of 595 nm and a reference wavelength of 690 nm. The optical density (OD) was then calculated as the difference between the absorbance at the reference wavelength and that of the test wavelength. The percentage viability was then calculated as follows: (OD of drug-treated sample/control OD) x100.
RNA isolation and RT-PCR.
RT-PCR was conducted to determine the mRNA expression of COX-2 and iNOS. Briefly, total RNA was isolated from the BV2 mouse microglial cells using RNAzol™B (Tel-Test Inc., Friendswood, TX, USA). Subsequently, 2 µg of RNA and 2 µl of random hexamers (Promega, Madison, WI, USA) were combined, after which the mixture was heated at 65˚C for 15 min. A total of 1 µl of AMV reverse transcriptase (Promega), 5 µl of 2.5 mM dNTP (Promega), 0.5 µl of RNasin (Promega) and 8 µl of 5X AMV RT buffer (Promega) were then added to the mixture, which was then brought up to a final volume of 40 µl using diethylpyrocarbonate (DEPC)-treated water. The reaction mixture was then incubated at 42˚C for 2 h. PCR amplification was performed in a reaction mixture with a final volume of 40 µl that contained 1 µl of the appropriate cDNA, 0.5 µl of each set of primers at a concentration of 10 pM, 4 µl of 10X RT buffer, 1 µl of 2.5 mM dNTP and 0.2 U of Taq DNA polymerase (Takara, Shiga, Japan). The primers used to amplify COX-2 were 5'-CCAGATGCTATCTTTGG GGAGAC-3' (a 23-mer sense oligonucleotide) and 5'-CTTGCA TTGATGGTGGCTG-3' (a 19-mer antisense oligonucleotide). The primers used to amplify iNOS were 5'-CAAGAGTTTGA CCAGAGGACC-3' (a 21-mer sense oligonucleotide) and 5'-TGGAACCACTCGTACTTGGGA-3' (a 21-mer antisense oligonucleotide). Finally, to amplify cyclophilin as the internal control, the primer sequences were 5'-ACCCCACCGTGTTC TTCGAC-3' (a 20-mer sense oligonucleotide) and 5'-CATTTG CCATGGACAAGATG-3' (a 20-mer antisense oligonucleotide).
To amplify the COX-2 and iNOS genes, PCR was conducted using a PTC-0150 MiniCycler (Bio-Rad, Hercules, CA, USA) subjecting the reaction mixture to the following conditions: initial denaturation at 94˚C for 5 min, followed by 32 cycles of denaturation at 94˚C for 30 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 45 sec, with a final extension at 72˚C for 10 min. For cyclophilin, PCR was conducted under same conditions, except only 25 amplification cycles were conducted.
Preparation of whole cell extract.
To prepare the whole cell extract, cells were incubated in ice-cold whole cell lysate buffer that contained 50 mM HEPES (pH 7.5), 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1.5 mM magnesium chloride hexahydrate, 1 mM ethyleneglycol-bis-(β-aminoethyl ether)-N,N'-tetraacetic acid (EGTA), 1 mM phenylmethylsulfonyl fluoride (PMSF), 2 µg/ml leupeptin, 1 µg/ml pepstatin, 1 mM sodium orthovanadate and 100 mM sodium fluoride (NaF) for 15 min. The cells were then centrifuged at 14,000 rpm for 15 min at 4˚C, and the supernatant was stored.
Preparation of nuclear and cytosolic extracts. The cells were collected and suspended in hypotonic buffer [10 mM HEPES, pH 7.9, 1.5 mM MgCl 2 , 10 mM potassium chloride (KCl), 0.2 mM PMSF, 0.5 mM dithiothreitol (DTT) and 10 µg/ml aprotinin], after which they were incubated on ice for 10 min. The cells were then lysed by the addition of 0.1% Nonidet P-40 and vigorous vortexing for 10 sec. The cells were then centrifuged at 4,000 rpm for 5 min at 4˚C, after which the supernatants containing protein were collected. The pellets acquired from the cytosolic protein extraction were then resuspended in high salt buffer (20 mM HEPES, pH 7.9, 25% glycerol, 400 mM KCl, 1.5 mM MgCl 2 , 0.2 mM EDTA, 0.5 mM DTT, 1 mM NaF and 1 mM sodium orthovanadate).
Finally, the cells were centrifuged at 14,000 rpm for 5 min at 4˚C, and the supernatants were stored.
Western blot analysis. Whole protein extract was used to evaluate the protein expression of COX-2 and iNOS. In addition, cytosolic extract was used for the detection of IκB-α, while nuclear extract was used for the detection of NF-κB (p65) protein expression. Prior to analysis, the protein concentrations were measured using a Bio-Rad colorimetric protein assay kit (Bio-Rad). Subsequently, 40 µg of protein were separated on SDS-polyacrylamide gels and then transferred onto a nitrocellulose membrane (Schleicher & Schuell GmbH, Dassel, Germany). Goat COX-2 antibody (1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA, USA), rabbit iNOS antibody (1:500; Santa Cruz Biotechnology), rabbit NF-κB (p65) antibody (1:500; Santa Cruz Biotechnology) and rabbit IκB-α antibody (1:500; Santa Cruz Biotechnology) were used as the primary antibodies. Horseradish peroxidase-conjugated anti-goat antibody (1:4,000; Santa Cruz Biotechnology) was used to probe for COX-2. Anti-rabbit antibody (1:2,000; Vector Laboratories, Burlingame, CA, USA) was used as the secondary antibody for iNOS, NF-κB (p65) and IκB-α. Bands were detected using the enhanced chemiluminescence (ECL) detection system (Santa Cruz Biotechnology).
EMSA. EMSA was performed using a commercially available gel shift kit (Panomics, Inc., Redwood City, CA, USA) according to the manufacturer's instructions. Briefly, 10 µg of nuclear extract were incubated with biotin end-labeled 22-mer double-stranded NF-κB oligonucleotide 5'-AGTTGAGG GGACTTTCCCAGGC-3' (underlined letters indicate NF-κB-binding site) for 30 min at 15˚C. The specificity of NF-κB DNA binding was then determined by evaluating the effects of competition with a 33-fold unlabeled oligonucleotide. The DNA-protein complexes were then analyzed by electrophoresis on a 6% non-denaturing polyacrylamide gel and subsequently transferred onto a neutrally charged nylon membrane. The oligonuleotide on the membrane was then fixed using a UV crosslinker for 3 min, after which band detection was performed using the detection system provided with the kit.
Measurement of PGE 2 synthesis. PGE 2 synthesis was assessed using a commercially available PGE 2 competitive enzyme immunoassay kit (Amersham Biosciences Corp., Piscataway, NJ, USA). Briefly, 100 µl of supernatant from the culture medium and the standards were added to different wells on the goat anti-mouse IgG-coated microtiter plate provided with the kit. Mouse anti-PGE 2 antibody and peroxidase-conjugated PGE 2 were then added to each well, after which the plate was incubated at room temperature with shaking for 2 h. The wells were then drained and washed, after which 3,3' ,5,5'-tetramethylbenzidine/hydrogen peroxide solution was added. The plate was then incubated at room temperature with shaking for 30 min, after which the reaction was stopped by the addition of H 2 SO 4 . The absorbance of the content of each well was then measured at a wavelength of 450 nm.
Determination of NO production. To determine the effect of ulinastatin on NO production, the amount of nitrite in the supernatant was measured using a commercially available NO detection kit (Intron, Inc., Seoul, Korea). After collection of 100 µl of supernatant, 50 µl of N1 buffer were added to each well, and the plate was then incubated at room temperature for 10 min. N2 buffer was then added, after which the plate was incubated at room temperature for 10 min. The absorbance of the content of each well was then measured at a wavelength of 540 nm and the nitrite concentration was calculated from a nitrite standard curve.
Statistical analysis.
The results are presented as the means ± standard error of the mean (SEM). The data were analyzed by one-way ANOVA followed by Duncan's post hoc test using SPSS software. P<0.05 was considered to indicate a statistically significant difference.
Results

Effect of ulinastatin on the viability of BV2 mouse microglial cells.
To assess the cytotoxic effect of ulinastatin on BV2 mouse microglial cells, the cells were cultured with ulinastatin at final a concentration of 1, 10, 100, 1,000 and 10,000 U/ml for 24 h, after which MTT assay was conducted. Cells cultured in ulinastatin-free medium were used as the control. The viability of cells incubated with ulinastatin at concentrations of 1, 10, 100, 1,000 and 10,000 U/ml for 24 h was 96.50±0.94%, 97.22±1.03%, 95.00±1.41%, 92.45±1.38% and 56.96±1.13% of the control value, respectively. These results demonstrate that ulinastatin exerted no cytotoxic effects at concentrations <1,000 U/ml and that 10,000 U/ml of ulinastatin significantly reduced cell viability. Therefore, we used 10, 100 and 1,000 U/ml of ulinastatin for all subsequent experiments.
Effect of ulinastatin on the mRNA expression of COX-2 and iNOS.
The levels of COX-2 and iNOS mRNA in ulinastatin treated cells were evaluated and then compared to the levels in the LPS-treated cells to determine the effects of ulinstatin on the expression of these genes. In the present study, the levels of COX-2 and iNOS mRNA in the control cells were set at 1.00.
The level of COX-2 mRNA was markedly increased to 4.61±0.78 following treatment with 2 µg/ml LPS for 24 h. However, these increased COX-2 mRNA levels decreased to 4.68±0.85, 3.50±0.58 and 1.76±0.97 in the cells that were pre-treated for 1 h with 10, 100 and 1,000 U/ml ulinastatin, respectively, and then treated with 2 µg/ml LPS for 24 h.
The level of iNOS mRNA following treatment with 2 µg/ml LPS for 24 h was markedly increased to 3.99±0.37. However, the levels of iNOS mRNA were only 3.24±0.31, 2.52±0.21 and 1.62±0.11 when the cells were pre-treated for 1 h with 10, 100 and 1,000 U/ml ulinastatin, respectively, and then treated with 2 µg/ml LPS for 24 h. These findings demonstrate that treatment with LPS enhanced COX-2 and iNOS mRNA expression in BV2 mouse microglial cells, and that pre-treatment with ulinastatin suppressed the LPS-induced COX-2 and iNOS mRNA expression (Fig. 1) .
Effect of ulinastatin on the protein expression of COX-2 and iNOS.
The protein levels of COX-2 and iNOS in the cells that were treated with ulinastatin were evaluated and compared to the levels in the control cells to determine the effects of ulinastatin on the expression of these proteins. In the present study, the protein levels of COX-2 and iNOS in the control cells were set at 1.00.
The protein level of COX-2 markedly increased to 3.37±0.41 following treatment with 2 µg/ml LPS for 24 h. However, the protein levels of COX-2 decreased to 2.70±0.14, 1.77±0.35 and 1.69±0.11 in the cells that were pre-treated for 1 h with 10, 100 and 1,000 U/ml of ulinastatin, respectively, and then treated with 2 µg/ml LPS for 24 h.
Following treatment with 2 µg/ml LPS for 24 h, the protein level of iNOS markedly increased to 3.89±0.48. However, the protein levels of iNOS decreased to 3.31±0.32, 1.98±0.26 and 1.54±0.14 in the cells that were pre-treated with 10, 100 and 1,000 U/ml ulinastatin, respectively, and then treated with 2 µg/ml LPS for 24 h. These results demonstrate that treatment with LPS enhanced COX-2 and iNOS protein expression in BV2 mouse microglial cells, and that pre-treatment with ulinastatin suppressed the LPS-induced protein expression of COX-2 and iNOS (Fig. 2) .
Effect of ulinastatin on NF-κB protein in the nuclear fraction and IκB-α protein in the cytosolic fraction.
The protein levels of NF-κB and IκB-α were evaluated to determine the effects of ulinastatin on the expression of these proteins. In the present study, the protein levels of NF-κB and IκB-α in the control cells were set at 1.00.
The protein level of NF-κB in the nuclear fraction markedly increased to 2.10±0.12 following treatment with 2 µg/ml LPS for 30 min. However, the protein levels of NF-κB in the nuclear fraction decreased to 1.88±0.19, 1.26±0.10 and 1.17±0.12 in the cells that were pre-treated for 1 h with 10, 100 and 1,000 U/ml ulinastatin, respectively, and then treated with 2 µg/ml LPS. RT-PCR analysis of the mRNA levels of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS). BV2 mouse microglial cells were pretreated with ulinastatin at a concentration of 10, 100 and 1,000 U/ml for 1 h, and then treated with 2 µg/ml lipopolysaccharide (LPS) for 24 h. Cyclophilin was used as the internal control. (A) Control group, (B) LPS-treated group, (C) LPS-and 10 U/ml ulinastatin pre-treated group, (D) LPS-and 100 U/ml ulinastatin pre-treated group, (E) LPS-and 1,000 U/ml ulinastatin pre-treated group. The results are presented as the means ± standard error of the mean (SEM). Western blot analysis of the protein levels of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS). BV2 mouse microglial cells were pre-treated with ulinastatin at a concentration of 10, 100 and 1,000 U/ml for 1 h, and then treated with 2 µg/ml lipopolysaccharide for 24 h. Actin was used as the internal control. (A) Control group, (B) LPS-treated group, (C) LPS-and 10 U/ml ulinastatin pre-treated group, (D) LPS-and 100 U/ml ulinastatin pre-treated group, (E) LPS-and 1,000 U/ml ulinastatin pre-treated group. The results are presented as the means ± standard error of the mean (SEM). * P<0.05 compared to the control group. # P<0.05 compared to the LPS-treated group.
The protein level of IκB-α in the cytosolic fraction markedly decreased to 0.40±0.05 following treatment with 2 µg/ml LPS for 30 min. However, the protein levels of IκB-α in the cytosolic fraction increased to 0.44±0.06, 0.68±0.03 and 0.83±0.03 in the cells that were pre-treated for 1 h with 10, 100 and 1,000 U/ml of ulinastatin, respectively, and then treated with 2 µg/ml LPS for 30 min. The results of this study demonstrate that treatment with LPS increased NF-κB protein expression in the nucleus and decreased IκB-α protein expression in the cytosol of BV2 mouse microglial cells, whereas pre-treatment with ulinastatin suppressed NF-κB protein expression and increased IκB-α protein expression (Fig. 3) .
Effect of ulinastatin on DNA binding activity of NF-κB.
To confirm the effect of ulinastatin on NF-κB activation, we evaluated the DNA binding activity of NF-κB using EMSA. Treatment with 2 µg/ml LPS for 30 min increased the DNA binding activity of NF-κB. However, the LPS-induced DNA binding activity of NF-κB decreased in response to pre-treatment with 1,000 U/ml ulinastatin. These findings demonstrate that treatment with LPS enhanced the DNA binding activity of NF-κB in BV2 mouse microglial cells and that pre-treatment with ulinastatin suppressed the LPS-induced increase in the DNA binding activity of NF-κB (Fig. 4) .
Effect of ulinastatin on PGE 2 synthesis and NO production.
The results of a PGE 2 immunoassay revealed that the amount of PGE 2 present in the culture medium increased from 26.58±0.82 pg/ml to 94.34±7.04 pg/ml following 24 h of exposure to LPS. However, the levels of PGE 2 synthesis decreased to 90.90±7.61, 69.27±4.15, 62.51±4.92 and 38.91±1.49 pg/ml in the cells that were pre-treated for 1 h with 10, 100, 1,000 U/ml ulinastatin and 500 µM acetylsalicylic acid (ASA), respectively, prior to treatment with 2 µg/ml LPS for 24 h.
The results of the NO detection assay revealed that the concentration of nitrite increased from 3.00±0.38 µM to 19.97±0.93 µM following 24 h of exposure to LPS. However, the levels of NO production decreased to 17.14±0.78, 16.15±0.81, 11.91±0.44 and 13.05±0.79 µM in the cells that were pre-treated for 1 h with 10, 100, 1,000 U/ml ulinastatin and 500 µM ASA, respectively, prior to treatment with 2 µg/ml LPS for 24 h.
These results demonstrate that LPS enhanced PGE 2 synthesis and NO production in BV2 mouse microglial cells and that pre-treatment with ulinastatin suppressed the LPS-induced PGE 2 synthesis and NO production (Fig. 5) . Western blot analysis of the protein levels of nuclear factor-κB (NF-κB) and inhibitory κB-α (IκB-α). BV2 mouse microglial cells were pre-treated for 1 h with ulinastatin at a concentration of 10, 100 and 1,000 U/ml, and then treated with 2 µg/ml lipopolysaccharide (LPS) for 30 min. (A) Control group, (B) LPS-treated group, (C) LPS-and 10 U/ml ulinastatin pre-treated group, (D) LPS-and 100 U/ml ulinastatin pre-treated group, (E) LPS-and 1,000 U/ml ulinastatin pre-treated group. The results are presented as the means ± standard error of the mean (SEM). . Analysis of nuclear factor-κB (NF-κB) binding by electrophoretic mobility gel shift assay (EMSA). BV2 mouse microglial cells were pretreated for 1 h with ulinastatin at a concentration of 1,000 U/ml, and then treated with 2 µg/ml lipopolysaccharide (LPS) for 30 min. Nuclear extracts were then analyzed for NF-κB binding by EMSA. The specificity of NF-κB DNA binding was examined by evaluating the effects of competition with the 33-fold unlabeled oligonucleotide. (A) Labeled NF-κB probe only with no sample, (B) labeled NF-κB probe with control group, (C) labeled NF-κB probe with LPS-treated group, (D) labeled NF-κB probe with the group that was pre-treated with 1,000 U/ml ulinastatin and then LPS, (E) LPS-treated with cold and labeled NF-κB probe.
Discussion
Organ protection is a routine therapy in patients with severe trauma, infection, and even multiple organ dysfunction syndrome. Urinary trypsin inhibitors have been widely used for the treatment of acute inflammatory disorders (22) . A number of studies have reported that urinary trypsin inhibitors suppress the enhanced production of pro-inflammatory molecules such as prostaglandin H 2 synthase-2 (23), IL-8 (24) and TNF-α (25) . Recently, Qiu et al (26) demonstrated that ulinastsatin exerted protective effect against smoke inhalation-induced acute lung injury and the subsequent development of pulmonary fibrosis in rats. Pre-treatment with ulinastatin has also been shown to ameliorate oxidative injury in rats (27) . Inflammation, which is a complex process that commences with a primary reaction in tissues, is involved in multiple pathologies, including arthritis, asthma, multiple sclerosis, colitis, inflammatory bowel disease and atherosclerosis. COX-2 and iNOS are 2 primary inflammatory markers produced by microglia in the CNS.
In the present study, pre-treatment with ulinastatin significantly suppressed LPS-induced COX-2 expression and PGE 2 synthesis in BV2 mouse microglial cells. A high level of COX-2 activity is closely associated with the occurrence of arthritis. In addition, it is well known that specific COX-2 inhibitors attenuate the symptoms of inflammation (28) . PGE 2 is a major metabolite of the COX-2 pathway that has emerged as an important lipid mediator of inflammatory and immune regulatory processes (29) .
As shown in the present study, pre-treatment with ulinastatin significantly inhibited LPS-induced iNOS expression as well as NO production in BV2 mouse microglial cells. During macrophage activation, iNOS has been shown to mediate NO-induced cell injury through the generation of reactive radicals, such as peroxynitrite (4) . The excessive production of NO by iNOS has been implicated in a variety of pathological processes, including septic shock, rheumatoid arthritis and carcinogenesis (30, 31) . In addition, NO is known to modulate the activity of COX-2 in a cyclic guanosine monophosphate (cGMP)-independent manner, as well as to play a critical role in the release of PGE 2 by the direct activation of COX-2 (32). This synergistic induction of NO and PGE 2 is also related to the overproduction of the earliest expressed pro-inflammatory cytokines (33, 34) .
The ubiquitous NF-κB signaling pathway plays an important role in the regulation of inflammation through the transcription of the COX-2, iNOS and cytokine genes (8) . In this study, we investigated the DNA binding activity of NF-κB to determine whether the inhibition of COX-2 and iNOS is mediated by the NF-κB signaling pathway. Pre-treatment with ulinastatin significantly suppressed the LPS-induced nuclear translocation of NF-κB, and this inhibition corresponded to the inhibition of COX-2 and iNOS expression in BV2 mouse microglial cells. These findings are supported by previous studies, indicating that the blockage of NF-κB transcriptional activity suppresses COX-2 and iNOS expression and pro-inflammatory cytokine production (2, 35, 36) . NF-κB is located in the cytoplasm as an inactive complex bound to IκB-α, and then it is degraded upon phosphorylation, after which it dissociates to produce activated NF-κB (37) . The results from the present study indicate that ulinastatin blocks the LPS-induced translocation of NF-κB via the inhibition of the degradation of IκB-α. The blockage of NF-κB activation has potential as a therapeutic modality for the treatment of inflammatory bowel disease and arthritis (38, 39) . The inhibitory effect of ulinastatin on NF-κB signal transduction has been shown to suppress the proliferation and induce the apoptosis of human breast cancer cells (40) .
In this study, we demonstrated that ulinastatin exerts analgesic and anti-inflammatory effects by suppressing COX-2 and iNOS expression, which results in the inhibition of PGE 2 synthesis and NO production. The present study also reveals that the analgesic and anti-inflammatory effects of ulinastatin involve the blockage of NF-κB activation in LPS-stimulated BV2 mouse microglial cells. These results suggest that the analgesic and anti-inflammatory effects of ulinastatin possibly occur via the suppression of COX-2 and iNOS expression through the downregulation of NF-κB activity.
